The effect of the four kinds of red, dark yellow, purple, and black pastes on the properties of fluorine resin/aluminum low emissivity coating was studied. The infrared emissivity coatings with red and black pastes were higher than the coatings with dark yellow and purple pastes. The hardness of the coatings with red, dark yellow, and purple color pastes was 6H, and that with black pastes was 6B. The adhesion and impact resistance of dark yellow coating was better, followed by red and purple, and the adhesion and impact resistance of black coating was the worst. Electrochemical polarization curves indicated that fluorine resin coatings with purple paste had better corrosion resistance. After the salt water resistance test, there was no obvious loss of light in the coatings with the four kinds of color pastes. The purple paste coating had no obvious loss of light and less bubble, suggesting that the fluorine resin/aluminum low emissivity coating with purple paste had better performance. The results of this study provide a new prospect for the application of infrared low emissivity coating in infrared stealth and compatibility with visible light.
Introduction
At present, the research area related to infrared light is applied more and more in the military field. As a result, infrared low emissivity coating (IRLEC) has attracted more and more attention because infrared emissivity is an important index [1] . IRLEC is part of the infrared stealth technology [2] . Some universities, research institutes and so on have made relatively thorough research on IRLEC. Dong et al. [3] studied the reflection characteristics of infrared low emissivity camouflage coating in terahertz wave. Li et al. [4] prepared multilayer AlCrN/Cr/AlCrN coating on nickel matrix by cathodic arc ion plating, which is used in low infrared emissivity applications below 750 • C. Wang et al. [5] used polyethylene glycol (PEG) 400 and inorganic silicate binder to modify the CeO 2 filler with different content to prepare the coating with outstanding thermal shock resistance and low-temperature infrared emissivity. Corrosion is a problem because it limits the application of the coating. Corrosion protection is usually carried out by coating. The above researchers mainly focus on the reflection characteristics, thermal shock resistance and infrared emissivity, but less on the corrosion resistance, color [6] and compatibility with visible light. Infrared coating is required to have the following properties at the same time: low emissivity, environmental protection, good corrosion resistance, low gloss, so as to have a good effect on visible light compatibility. Fluorine resin is environmentally acceptable, not only has the high surface hardness, good adhesion, and corrosion resistance [7, 8] , but also can increase the water contact angle of the coating to achieve superhydrophobic properties [9] [10] [11] .
Coating color is one of the important indicators of coating decoration performance, but different colors can resist different visible light detection [12] . For stealth coatings, besides low infrared emissivity, it is also necessary to consider the compatibility with visible light stealth [13] . Therefore, it is necessary to reduce the brightness of the coatings and tone them [14] . Different color pastes can change the coating color of IRLEC; however, there are few relevant reports for IRLEC [15] . This paper mainly focused on the color matching problem, aiming to study the effect of quantitatively changing the dosage of different color pastes of red, dark yellow, purple, and black color pastes on the infrared emissivity, gloss, brightness, adhesion, impact resistance, corrosion resistance and roughness of fluorine resin/aluminum coatings, so as to obtain the optimum color of low gloss and IRLEC, laying a foundation for the application of IRLEC and compatibility with visible light in engineering.
Experimental Section

Experimental Materials
Fluorine resin (JF100) and curing agent: Juhua Group Co. Ltd., Quzhou [16] : 100 mm × 50 mm × 1 mm, Nanjing Chengxiang Aluminum Co. Ltd., Nanjing, China.
Preparation of Coating
Sandpapers were used to polish the pretreated substrate and to remove oil, and then they were dried in the oven. According to the previous research experience, the coating has good properties when the color paste content is 40% [17] . The solid content of aluminum powder and color pastes respectively referred to the quality of aluminum powder and color pastes respectively proportional to the quality of original aluminum powder and color pastes under the condition of vacuum (105 ± 2) • C, where the aluminum powder and the color pastes were heated for 30 min. The solid content of fluorine resin and solid content of curing agent were measured according to the same method.
The coating was prepared according to the formula of Table 1 . After mixing, the coating was coated on the surface of the flat technical aluminum plate. They were solidified at 40 • C for 2 h in a blast dryer. The thickness of the dry coating was about 60 µm. 
Test and Characterization
The specific information of the experimental test equipment is presented in Table 2 . The infrared emissivity of the coating was tested in the range of 8~14 µm. In the test of corrosion resistance, a three-electrode battery structure was used for electrochemical tests. The saturated calomel electrode was used as the reference electrode and the platinum electrode as the counter electrode. The samples were immersed in 3.5% NaCl solution for 30 min and the open-circuit potential (OCP) was monitored Coatings 2020, 10, 70 3 of 11 until constant. After the open-circuit potential was stabilized, the polarization tests were carried out. The test range was open-circuit potential ±0.25 V. The coatings were immersed in 3.5% NaCl solution for 7 days, and the salt water resistance test was carried out. All the experiments were repeated four times with an error of less than 5.0%. 
Results and discussion
Infrared Spectrum of Color Paste Corresponding to Coating
The infrared spectra of the four kinds of color paste corresponding to the coating are shown in Figure 1 . The attribution of the peak is shown in Table 3 . 3434 cm −1 had an obvious -OH absorption peak. 2943 cm −1 was -CH 3 absorption peak. 2874 cm −1 was -CH 2 absorption peak. 1750 cm −1 was -C=O-absorption [18, 19] . 1441 cm −1 was the -COO absorption peak [20] . Obvious CF 3 absorption peak appeared at 1110 cm −1 [21] .
IR absorption peaks indicated that fluorine resin formed covalent bond. According to Kirchhoff's law, in the state of heat balance, the infrared energy absorbed and emitted by an object is equal [22] . As can be seen in Figure 1 , the infrared peaks of the purple coating, the dark yellow coating and the coating without paste were relatively flat, the infrared absorption was less, and the emittance of the corresponding coating was the lower (Figure 1 ), which was conducive to reduce the surface emissivity [23] . The black coating had more infrared absorption, so the surface emissivity was the highest, which was not conducive to the preparation of low infrared emissivity coating. 
Influence of Color Paste on Infrared Emissivity of Coating
The influence of different color pastes on the infrared emissivity of fluorine resin coating is shown in Figure 2 . The addition of red and black pastes made fluorine resin coating possess higher infrared emissivity (>0.3). Dark yellow and purple pastes could make fluorine resin coating possess lower infrared emissivity (0.10~0.25). Dark yellow paste had lower infrared emissivity than purple paste. This is due to the dark yellow paste had the lowest infrared absorption ( Figure 1 ) and the strongest reflectivity compared with the other color pastes used in the experiment. The infrared emissivity of the dark yellow paste was the lowest [24] . 
The influence of different color pastes on the infrared emissivity of fluorine resin coating is shown in Figure 2 . The addition of red and black pastes made fluorine resin coating possess higher infrared emissivity (>0.3). Dark yellow and purple pastes could make fluorine resin coating possess lower infrared emissivity (0.10~0.25). Dark yellow paste had lower infrared emissivity than purple paste. This is due to the dark yellow paste had the lowest infrared absorption (Figure 1 ) and the strongest reflectivity compared with the other color pastes used in the experiment. The infrared emissivity of the dark yellow paste was the lowest [24] . The SEM images of different color coatings are shown in Figure 3 . There were more particles in red and black coatings, while obvious particles from microscopic view could hardly be noticed in dark yellow and purple pastes, and the coatings were more uniform, thereby reducing the absorption of infrared light and lowering the infrared emissivity [25] . More particles and voids increased the infrared absorption of coatings (Figure 1 ), so the infrared emissivity of red and black coatings increased.
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The SEM images of different color coatings are shown in Figure 3 . There were more particles in red and black coatings, while obvious particles from microscopic view could hardly be noticed in dark yellow and purple pastes, and the coatings were more uniform, thereby reducing the absorption of infrared light and lowering the infrared emissivity [25] . More particles and voids increased the infrared absorption of coatings (Figure 1 ), so the infrared emissivity of red and black coatings increased. 
Influence of Color Paste on Properties of Coatings
The effect of different color pastes on the properties of the coating is shown in Table 4 . As shown in Table 4 , compared with dark yellow and purple pastes, red and black pastes could make fluorine coatings possess lower luster. The gloss of black coating was the lowest. This is because the coatings with red and black pastes had a stronger ability to absorb and emit light and a weaker ability to reflect light, and therefore to present a lower gloss [26] .
Different color pastes have different effects on the hardness of coatings. The hardness of red, dark yellow, purple coating and the coating without paste was 6H, while the hardness of black coating was the lowest (6B). This is because black paste is mainly composed of carbon black particles. Compared with the other three pastes, carbon black particles are more loose affecting the compactness of the coating [27] . For low infrared emissivity coatings, an important role is to protect the covering, so the hardness cannot be too low [28] . It can be seen that the hardness of the coating added with black paste does not meet the basic hardness index (2H) [29] . For black coatings, in order to ensure that the coating can meet basic hardness index, the hardness can be enhanced by adding modifiers [30] . Table 4 indicated that the adhesion of the coating without paste was the best. The dark yellow coating had better adhesion and the black coating had the worst adhesion. This is because from a microscopic point of view, the dark yellow coating is more uniform and denser, and the components are easy to mix evenly, while the interaction between carbon black particles of black paste and other components of coating is less, so it is difficult to mix with them uniformly [31] . The influence of different color pastes on impact resistance of the coating was different. The black coating had the lowest impact resistance, while the dark yellow coating and the coating without paste had the highest. This is because the dark yellow coating and the coating without paste has high adhesion. Good adhesion can ensure good impact resistance. The adhesion of coatings with black pastes is relatively small, and it is easy to fall off when impacted [32] . 
The effect of different color pastes on the properties of the coating is shown in Table 4 . As shown in Table 4 , compared with dark yellow and purple pastes, red and black pastes could make fluorine coatings possess lower luster. The gloss of black coating was the lowest. This is because the coatings with red and black pastes had a stronger ability to absorb and emit light and a weaker ability to reflect light, and therefore to present a lower gloss [26] . Different color pastes have different effects on the hardness of coatings. The hardness of red, dark yellow, purple coating and the coating without paste was 6H, while the hardness of black coating was the lowest (6B). This is because black paste is mainly composed of carbon black particles. Compared with the other three pastes, carbon black particles are more loose affecting the compactness of the coating [27] . For low infrared emissivity coatings, an important role is to protect the covering, so the hardness cannot be too low [28] . It can be seen that the hardness of the coating added with black paste does not meet the basic hardness index (2H) [29] . For black coatings, in order to ensure that the coating can meet basic hardness index, the hardness can be enhanced by adding modifiers [30] . Table 4 indicated that the adhesion of the coating without paste was the best. The dark yellow coating had better adhesion and the black coating had the worst adhesion. This is because from a microscopic point of view, the dark yellow coating is more uniform and denser, and the components are easy to mix evenly, while the interaction between carbon black particles of black paste and other components of coating is less, so it is difficult to mix with them uniformly [31] . The influence of different color pastes on impact resistance of the coating was different. The black coating had the lowest impact resistance, while the dark yellow coating and the coating without paste had the highest. This is because the dark yellow coating and the coating without paste has high adhesion. Good adhesion can ensure good impact resistance. The adhesion of coatings with black pastes is relatively small, and it is easy to fall off when impacted [32] .
As can be seen in Table 4 , the roughness of dark yellow and purple coatings was lower, and the surface was smoother. The roughness of black coatings was the highest. This may be because the smaller particle size of the dark yellow and purple pastes, which can fill the gap between the aluminum powder in the coating and increase the compactness of the coating. The carbon black particles of the black paste aggregate together to form large particles, thus increasing the roughness [33] . Table 5 is the effect of four kinds of color pastes on the chromatic aberration of coatings. The color difference refers to the difference of the overall brightness and hue of the coating [34] . L, a and b represent the brightness, red-green and yellow-blue value of different color coating respectively. L', a' and b' represent these values of the substrate itself. The difference ∆L, ∆a and ∆b are obtained by subtracting them, which are respectively expressed as lightness difference, red-green index difference and yellow-blue index difference. Thus, the color difference ∆E can be obtained according to the formula [35] . According to Table 5 , the effect of different color pastes on color difference of the coatings was different. The color difference of purple paste was the smallest compared with that of red, dark yellow and black pastes. At the same time, the L value of purple coating was the lowest, which made the coating darker. The other three coatings had larger L value and were brighter.
From the above study, it can be found that the coatings with purple, red, and dark yellow pastes have better comprehensive performance. Therefore, the electrochemical corrosion resistance of these three coatings was tested. The test results are shown in Figure 4 and Table 6 . The β a and β c are respectively the anode Tafel slope and the cathode Tafel slope [36] . The unit is mv/dec, mv refers to the voltage, and dec refers to the logarithmic current. The higher the potential E corr , the greater the resistance R p , and the smaller the current I corr and the better the corrosion resistance. The salt water resistance of coatings with four color pastes immersed in 3.5% NaCl solution for 7 days was tested to observe the change of surface condition after a certain corrosion time. The loss of light, discoloration, and foaming density in the actual corrosion process of the paint film were evaluated. When the loss of light was <3%, 4-15%, 16-30%, 31-50%, 51-80% and >80%, respectively, the degree of loss of light of coatings were at the 0, 1, 2, 3, 4, and 5 level, respectively. When the change of color difference before and after salt water resistance was <1.5, 1.6-3.0, 3.1-6.0, 6.1-9.0, 9.1-12.0 and >12.0, respectively, the degree of loss of light of coatings was non-discoloration, very slight discoloration, slight discoloration, obvious discoloration, severe discoloration and complete discoloration, and the grades were 0, 1, 2, 3, 4 and 5 level, respectively. The test results are shown in Tables 7 and 8, and Figure 5 .
As can be seen in Table 7 , the coatings had no obvious loss of light. The loss of light grade was 0 or 1, indicating that fluorine resin coatings with different color pastes had good corrosion resistance. As can be seen in Table 8 , there was no obvious discoloration of the purple coating. The discoloration grade was 0, indicating that the purple coating had better corrosion resistance, which was consistent with the results of electrochemical testing (Figure 4 ). Under the same experimental conditions, the dark yellow coating and the black coating changed color obviously, and the color change grade was at level 3 or above. The salt water resistance of coatings with four color pastes immersed in 3.5% NaCl solution for 7 days was tested to observe the change of surface condition after a certain corrosion time. The loss of light, discoloration, and foaming density in the actual corrosion process of the paint film were evaluated. When the loss of light was <3%, 4-15%, 16-30%, 31-50%, 51-80% and >80%, respectively, the degree of loss of light of coatings were at the 0, 1, 2, 3, 4, and 5 level, respectively. When the change of color difference before and after salt water resistance was <1.5, 1.6-3.0, 3.1-6.0, 6.1-9.0, 9.1-12.0 and >12.0, respectively, the degree of loss of light of coatings was non-discoloration, very slight discoloration, slight discoloration, obvious discoloration, severe discoloration and complete discoloration, and the grades were 0, 1, 2, 3, 4 and 5 level, respectively. The test results are shown in Tables 7 and 8 , and Figure 5 . As can be seen in Figure 5 , the coating was destroyed after 7 days of 3.5% NaCl solution immersion for the corrosion resistance test, and coatings with color pastes had a certain degree of foaming. The foaming density of dark yellow and purple coatings was lower, and black coating had a small amount of foaming, while red foaming was more serious. The compact coating and little pores ( Figure 3B ,C) can prevent the NaCl solution from entering, improve the corrosion resistance of the coating, and not easily cause the phenomenon of light loss, discoloration, and bubbling. Based on the above analysis, it can be concluded that purple 8005 can be used to prepare low infrared emissivity fluorine resin coatings with better performance. The structure of purple 8005 paste was characterized. SEM image of purple 8005 is shown in Figure 6 , and the infrared spectrum is shown in Figure 7 . Figure 6 showed that the size of purple 8005 paste was small. As can be seen in Figure 7 , purple 8005 paste contains abundant organic functional groups [37] . 3314 cm −1 , 2963 cm −1 , 1638 cm −1 and 1560 cm −1 corresponded to the characteristic absorption peaks of N-H, C-H, C=C and C-N respectively, so they were easy to disperse in fluorine resin coatings and had good compatibility with fluorine resin coatings. As can be seen in Table 7 , the coatings had no obvious loss of light. The loss of light grade was 0 or 1, indicating that fluorine resin coatings with different color pastes had good corrosion resistance. As can be seen in Table 8 , there was no obvious discoloration of the purple coating. The discoloration grade was 0, indicating that the purple coating had better corrosion resistance, which was consistent with the results of electrochemical testing (Figure 4 ). Under the same experimental conditions, the dark yellow coating and the black coating changed color obviously, and the color change grade was at level 3 or above.
As can be seen in Figure 5 , the coating was destroyed after 7 days of 3.5% NaCl solution immersion for the corrosion resistance test, and coatings with color pastes had a certain degree of foaming. The foaming density of dark yellow and purple coatings was lower, and black coating had a small amount of foaming, while red foaming was more serious. The compact coating and little pores ( Figure 3B,C) can prevent the NaCl solution from entering, improve the corrosion resistance of the coating, and not easily cause the phenomenon of light loss, discoloration, and bubbling.
Based on the above analysis, it can be concluded that purple 8005 can be used to prepare low infrared emissivity fluorine resin coatings with better performance. The structure of purple 8005 paste was characterized. SEM image of purple 8005 is shown in Figure 6 , and the infrared spectrum is shown in Figure 7 . Figure 6 showed that the size of purple 8005 paste was small. As can be seen in Figure 7 , purple 8005 paste contains abundant organic functional groups [37] . 3314 cm −1 , 2963 cm −1 , 1638 cm −1 and 1560 cm −1 corresponded to the characteristic absorption peaks of N-H, C-H, C=C and C-N respectively, so they were easy to disperse in fluorine resin coatings and had good compatibility with fluorine resin coatings. 
Conclusions
The four kinds of red, dark yellow, purple, and black color pastes were added into the fluorine resin coating system, so that the fluorine resin coating has low infrared emissivity, low gloss, low brightness, good adhesion, and impact resistance, as well as low roughness. Purple paste can make fluorine resin coating possess low infrared emissivity and better comprehensive properties. The salt water resistance test showed that the coatings with red, dark yellow, purple, and black color pastes had no obvious loss of light. The purple coating had no obvious discoloration, and the dark yellow and black coatings had obvious discoloration under the same experimental conditions. The foaming densities of the dark yellow and purple coatings were less, i.e., the fluorine resin coating with the purple paste has the better performance. This work provides a new prospect for the compatibility with visible light stealth of low infrared emissive coatings in engineering. 
The four kinds of red, dark yellow, purple, and black color pastes were added into the fluorine resin coating system, so that the fluorine resin coating has low infrared emissivity, low gloss, low brightness, good adhesion, and impact resistance, as well as low roughness. Purple paste can make fluorine resin coating possess low infrared emissivity and better comprehensive properties. The salt water resistance test showed that the coatings with red, dark yellow, purple, and black color pastes had no obvious loss of light. The purple coating had no obvious discoloration, and the dark yellow and black coatings had obvious discoloration under the same experimental conditions. The foaming densities of the dark yellow and purple coatings were less, i.e., the fluorine resin coating with the purple paste has the better performance. This work provides a new prospect for the compatibility with visible light stealth of low infrared emissive coatings in engineering.
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